Background/Objectives: Given the importance of nutrition therapy in diabetes management, we hypothesized that food intake differs between individuals with and without diabetes. We investigated this hypothesis in two large prospective studies including different countries and ethnic groups. Subjects/Methods: Study populations were the European Prospective Investigation into Cancer and Nutrition Study (EPIC) and the Multiethnic Cohort Study (MEC). Dietary intake was assessed by food frequency questionnaires, and calibrated using 24h-recall information for the EPIC Study. Only confirmed self-reports of diabetes at cohort entry were included: 6192 diabetes patients in EPIC and 13 776 in the MEC. For the cross-sectional comparison of food intake and lifestyle variables at baseline, individuals with and without diabetes were matched 1:1 on sex, age in 5-year categories, body mass index in 2.5 kg/m 2 categories and country. Results: Higher intake of soft drinks (by 13 and 44% in the EPIC and MEC), and lower consumption of sweets, juice, wine and beer (410% difference) were observed in participants with diabetes compared with those without. Consumption of vegetables, fish and meat was slightly higher in individuals with diabetes in both studies, but the differences were o10%. Findings were more consistent across different ethnic groups than countries, but generally showed largely similar patterns.
Introduction
Healthy nutritional habits are a core element of diabetes selfmanagement (Stumvoll et al., 2005; American Diabetes Association, 2007) . Dietary behavior is intended to help control blood glucose levels and thereby prevent long-term complications (Fox et al., 2004; Stumvoll et al., 2005) . Although overall cardiovascular disease morbidity and mortality have declined in recent years, the proportion of cardiovascular disease attributable to diabetes has increased over time, emphasizing not only the importance of diabetes prevention, but also the importance of disease management (Fox et al., 2007) . Keeping in mind the high prevalence of diabetes, this aspect becomes even more important from a public health perspective (Mokdad et al., 2001) .
The most specific dietary recommendations for individuals with diabetes are made for nutrient composition of the diet, focusing on carbohydrate, dietary fat and cholesterol intake (American Diabetes Association, 1994 Mann et al., 2004) . The American Diabetes Association provides meal planning tools, but also endorses the use of MyPyramid to generate healthful meal plans (Krebs-Smith and KrisEtherton, 2007) . MyPyramid is a food guide to a healthful diet for the general public in the United States. Thus, overall, dietary recommendations regarding food intake for diabetes management do not differ largely from recommendations for a healthy diet in the general public. However, in contrast to the general public, diabetes patients receive regular health care and are more likely to have participated in nutritional counseling.
When comparing dietary data between groups of individuals with different degrees of obesity misreporting is of particular concern. It is well-known that obesity is related to dietary misreporting, particularly underreporting (Lissner et al., 2007) . Obesity is a strong risk factor for diabetes and a large proportion of individuals with diabetes are obese. Recent data from the US (1999) (2000) (2001) (2002) (2003) (2004) show that the prevalence of obesity in individuals with diabetes is 81% (Gregg et al., 2007) , which is larger than in the general population. A comparison of food intake between individuals with and without diabetes might therefore be biased by measurement error due to underreporting related to the obesity status.
To our knowledge, whether and to what extent food intakes differ between individuals with and without diabetes has not been investigated in population-based studies. Accordingly, we investigated this topic in a large prospective study in Europe covering 10 countries (Riboli et al., 2002) , and a large prospective study in the United States covering five different ethnic groups (Kolonel et al., 2000) . We designed two nested cross-sectional studies using body mass index (BMI) as one matching factor for individuals with and without diabetes in an effort to minimize measurement error due to misreporting by obese subjects. We hypothesized that cohort participants with diabetes would be more likely to follow dietary recommendations for healthy eating than those without diabetes (American Diabetes Association, 2007; Krebs-Smith and Kris-Etherton, 2007) .
Material and methods
The European prospective investigation into cancer and nutrition (EPIC Study) Study design. The EPIC Study is an ongoing multi-center prospective cohort study to investigate associations between diet and other lifestyle factors with chronic diseases (Riboli et al., 2002) . In brief, between 1992 and 2000 more than 500 000 study participants within the age range of 35-70 years were recruited in 10 European countries. Individuals signed informed consent. Approval for this study was obtained from the ethical review boards of the International Agency for Research on Cancer and from all local institutions where subjects had been recruited. Participants completed comprehensive questionnaires at enrollment, and information on weight and height were obtained by measurement from each study participant.
Self-reports of diabetes obtained at baseline were confirmed by additional sources of information, which include the following, depending on the available options in the different countries: repeated self-report during active followup, use of diabetes-specific medication, linkage to diabetes registries, patient records, contact with a medical practitioner and an HbA1c-value above 6% (values based on registry information, Malmø only). Only confirmed cases at baseline were included in this analysis ('cases'). Participants with no self-report of diabetes at baseline and those without evidence for having had prevalent diabetes occurring during follow-up were considered diabetes-free ('controls') for this analysis. Of note, if no second source of information on diabetes self-reported at baseline was available, the true status of the participant was considered indeterminate and these individuals were excluded from this analysis. A total of 5542 self-reports could be confirmed and an additional 870 diabetes cases at baseline were identified (who had no positive self-report or were missing this variable), leading to 6412 participants with confirmed diabetes available for this analysis. The additional cases were found in connection with the verification of incident diabetes cases, which was done for different projects within EPIC. A total of 483 421 participants were available as controls. All participants without information on dietary intake or missing questionnaire or with implausible energy intake (top or bottom 1% of the ratio of energy intake to energy requirement) were excluded (n ¼ 14 553). For this study, individuals with and without diabetes were matched 1:1 on sex, age in 5-year categories, BMI in 2.5 kg/m 2 categories and country. A total of 6192 prevalent diabetes cases could be matched to individuals without diabetes with these criteria.
Dietary assessment. In the EPIC Study, dietary intake during the previous 12 months was assessed at baseline by means of country-specific instruments (Riboli and Kaaks, 1997) . In addition, a highly standardized reference dietary measurement was taken from an 8% age-stratified random sample of the cohort, using a computerized 24-h dietary recall (Slimani et al., 2000 . Food and nutrient intake was analyzed as predicted by regression calibration (Ferrari et al., , 2004 Nöthlings et al., 2008b) .
Multiethnic cohort study (MEC) Study design. The MEC was initiated to investigate diet and cancer risk among five major ethnic groups (AfricanAmericans, Japanese-Americans, Native Hawaiians, Latinos and Caucasians) in Hawaii and Southern California (Kolonel et al., 2000) . Between 1993 and 1996 more than 215 000 men and women were enrolled. With completion of a 26-page questionnaire participants consented to participate. A follow-up questionnaire inquiring about the occurrence of diseases including diabetes was administered B5 years after baseline. Between 2001 and 2006 a biorepository of blood and urine specimens was created. At that time a medication questionnaire including information on diabetes-specific drugs was administered.
Self-reports of diabetes at baseline were considered confirmed ('cases') if the participant repeatedly reported having diabetes in the follow-up questionnaire or to be taking diabetes-specific medication in the medication questionnaire. Participants without a self-report of diabetes at baseline and at follow-up or indication of diabetes-specific medication use were considered subjects without diabetes ('controls') for this analysis. Participants with inconsistent information in baseline and follow-up questionnaires were considered neither as case nor as control for this analysis.
Study population. For this analysis, we excluded all MEC participants not belonging to one of the five major ethnic groups (n ¼ 13 991), with implausible energy intake (Nöthlings et al., 2005) (n ¼ 8264), without information on diabetes (n ¼ 1) or BMI (n ¼ 2543), with implausible BMI outside the range of 15-50 kg/m 2 (n ¼ 708). Follow-up information (either follow-up questionnaire or medication questionnaire) was available for 83% of the remaining cohort participants. A total of 11% of those reported a diabetes diagnosis at baseline. The self-report was considered confirmed by follow-up information for 13 794 subjects (81%).
In total 89% of participants without a self-report of diabetes at baseline (n ¼ 125 953) were considered confirmed subjects without diabetes during follow-up. A study with 1:1 matching on sex, age in 5-year categories, BMI in 2.5 kg/m 2 categories, region and ethnicity was set up. A total of 13 776 participants with diabetes could be matched to individuals without diabetes with the criteria.
Dietary assessment. Usual dietary intake was assessed at baseline using a comprehensive specific quantitative food frequency questionnaire (QFFQ) (Kolonel et al., 2000; Stram et al., 2000) . The QFFQ asked about the consumption of over 180 food items. Before calculating food group intake, the food mixtures from the QFFQ were disaggregated to the ingredient level using a customized recipe database. Harmonized food groups were calculated for the dietary databases of both studies as reported earlier (Nöthlings et al., 2008a) . For the present analysis, 14 food groups were used. Of note, information on diet soft drinks was only available for the MEC and not for the EPIC Study.
Statistical analysis. Mean intakes (95% confidence interval) of food groups and nutrients were calculated and compared within each study and stratum by country or ethnicity. However, to avoid comparing questionnaire differences rather than true differences in intake, ratios of mean intake of individuals with diabetes to mean intake of individuals without were computed separately for each study or stratum. These ratios were then considered comparable across studies or ethnic groups.
Results
Selected study participant characteristics are shown in Table 1 . Mean age in MEC was about 5 years higher than in EPIC.
Food and nutrient intakes for individuals with and without diabetes are shown in Table 2 . Because of the large sample sizes, most variables indicated statistically significant Food intake of individuals with and without diabetes U Nöthlings et al differences in means although small on an absolute scale. In the EPIC Study, the largest differences in intake (410%) were seen for the food groups such as soft drinks (higher intake in individuals with diabetes) and sweets, wine and juice (lower intake in individuals with diabetes). In the MEC, the largest differences were seen for soft drinks and dairy (higher in individuals with diabetes) and wine, beer, sweets and juice (lower in individuals with diabetes). For the MEC, we were able to separate regular and diet soft drinks, showing that subjects with diabetes on average consumed about 2.6 times Food intake of individuals with and without diabetes U Nöthlings et al as many diet soft drinks than individuals without diabetes, whereas the consumption of regular soft drinks was less than half that of individuals without diabetes (data not shown). Both in EPIC and MEC, the analysis was repeated using all self-reported cases of diabetes at baseline. Results were altered only marginally (data not shown).
Ratios of mean food intakes for individuals with and without diabetes stratified by country and ethnicity are shown in Table 3 . Consumption of soft drinks was higher in individuals with diabetes than individuals without from Denmark (44%) and The Netherlands (18%) in the EPIC Study, but lower in participants with diabetes for the remaining EPIC countries. Consumption of soft drinks was consistently higher in subjects with diabetes for all ethnic groups in the MEC, which could be attributed to a much higher consumption of diet soft drinks (data not shown). For sweets, intake was consistently lower in subjects with diabetes across countries and ethnic groups. The lower consumption of juice by individuals with diabetes was most prominent for participants from Sweden (44%), and consistently lower for all ethnic groups in the MEC (range 17 (Japanese-Americans) to 10% (African-Americans). The difference in consumption of alcoholic beverages was much larger and consistent for the MEC. Quite consistently across all ethnic groups, individuals with diabetes consumed lower amounts of alcoholic beverages.
Discussion
Comparing dietary habits between cohort participants with and without diabetes, largest differences were observed in the consumption of soft drinks, sweets, juice and alcoholic beverages. Individuals with diabetes consumed larger amounts of soft drinks (especially diet soft drinks) and lower amounts of sweets, juice and alcoholic beverages. We observed only small differences in the consumption of vegetables, fish and meat with slightly higher consumption in individuals with diabetes compared with those without. Findings were more consistent across different ethnic groups than across different countries, but generally showed largely similar patterns.
Our study has several limitations. First, the confirmation of diabetes status in the EPIC Study at baseline was not systematically conducted for all participants; only those with self-report who could be confirmed were included. A number of false-negative self-reports were detected through verification processes for incident cases (in connection with different studies in EPIC) and added to the study population with the attempt to reduce misclassification of disease status as much as possible. However, the sample must nevertheless be considered a convenience sub-sample of the study population. For the MEC, we used a prospective confirmation procedure, which precluded all participants with diabetes at baseline who died during the first 5 years of follow-up or who did not participate in the follow-up surveys. This might have led to some bias because of the selective exclusion of more severe cases of diabetes mellitus with related co-morbidities. Of note, in both studies, the same analysis including all participants with self-reports at baseline showed similar results. Second, we were only able to separate diet soft drinks from regular soft drinks in the MEC, but not the EPIC Study. Regular soft drinks are a major source of added sugars. Indeed, we showed for the MEC, that consumption of dietary soft drinks was higher in individuals with diabetes. Also, our dietary assessment was based on food frequency questionnaires, which generally are not optimal to estimate absolute food intakes, but rather provide information on ranking. However, we compared intakes assessed within strata (that is, countries or ethnic groups) with identical questionnaires and only compared relative intakes across strata with different questionnaires, attempting to minimize the impact of food frequency questionnaire measurement error. Food intake of individuals with and without diabetes U Nöthlings et al
Social desirability bias because of reporting of dietary intake could have occurred since the diabetes patients probably were counseled for their dietary behavior as opposed to their healthy counterparts. Indeed, the lack of information about the actual advice individuals received limits the interpretability of our findings. Nevertheless, misreporting due to status of obesity was controlled for by matching of participants according to categories of BMI. Furthermore, using calibrated and density-based food intake data might have accounted for some measurement error because of selective over-or underreporting for particular food groups. Of note, body weight and height were measured in EPIC, but self-reported in MEC. The latter could have led to some bias because of underreporting of body weight in individuals with diabetes who probably are especially aware that the advice is to maintain a healthy weight. Last, we were not able to distinguish between type 1 and type 2 diabetes for both studies consistently. From an etiological point of view, type 1 and type 2 diabetes are two different diseases. However, medical nutrition therapy is advised for both types of diabetes to prevent complications and we would not expect our findings to be different. Given the age distribution of the two cohorts, however, we expect that well over 90% of the diabetes patients in the study had type 2 diabetes.
Our study has several strengths. Both cohorts are among the largest population-based prospective epidemiologic studies, ensuring a large number of participants with diabetes at baseline. Coverage of different countries and ethnic groups ensured to inclusion of different dietary habits. The confirmation of self-reports ensured that only true cases of diabetes were included in the analysis. The matching on categories of BMI promises to control for some of the bias by misreporting due to obesity for this crosssectional analysis.
Few population-based studies so far have compared lifestyle behaviors, especially dietary behaviors, between individuals with diabetes and without diabetes. In the NHANES survey, individuals with diabetes have been shown to be no more likely to adhere to healthy lifestyles than individuals without diabetes, which included the consumption of fruit and vegetables (King et al., 2009) . Indeed, a comparison of surveys at different time periods showed a decrease in adherence to healthy behaviors in the population with diabetes over time, giving increasing concern for higher rates of complications. A study in the United States showed that the population with diabetes consumed less regular soft drinks and sweets, but larger amounts of artificially sweetened soft drinks and sweets than the population without diabetes (Fitzgerald et al., 2008) . Intake of other food groups was similar between groups in this study, confirming the findings in the current study. It is surprising that although nutritional counseling of diabetes patients most likely has occurred in different contexts and populations, only small effects with respect to food intake could be observed. A possible explanation could also be that diabetes patients originally had worse habits, which contributed to the development of diabetes in the first place, and made already a substantial change in the desired direction before inclusion into this study-assuming the individuals without diabetes had better dietary habits. The food groups largely targeted by patients with diabetes were related to short-chain carbohydrates, that is, sweets and soft drinks. This finding was consistent across the different strata investigated, potentially reflecting different dietary habits, but also different health care systems. Alcohol intake apparently was of concern in the United States-based study, but not as consistently in different countries in Europe, which might be attributable to different recommendations and regulations related to alcohol consumption in general in the different countries rather than disease-specific recommendations.
The importance of adopting healthy lifestyle habits in terms of food intake or physical activity has been emphasized by studies of risk factors for cardiovascular disease incidence or mortality in populations with diabetes. We showed previously that a high intake of fruit and vegetables was inversely associated with cardiovascular disease mortality in a large cohort of diabetes patients in Europe (Nöthlings et al., 2008b) . Other studies have shown inverse associations for alcohol intake (Solomon et al., 2000) , consumption of nuts (Li et al., 2009) , or consumption of fish (Hu et al., 2003) and positive associations for saturated fat or cholesterol intake (Tanasescu et al., 2004) , or selected food groups like eggs (Trichopoulou et al., 2006) . However, such studies focusing on food groups are scarce. Studies of cancer survivors or patients with cardiovascular diseases have also indicated that few patients maintain substantial life-style and nutritional changes after diagnosis (Bellizzi et al., 2005; Caan et al., 2005; Coups and Ostroff, 2005; Iestra et al., 2006) .
Of note, some of the larger heterogeneity across EPIC countries compared with MEC ethnic groups can probably be explained by the different dietary assessment instruments. In the EPIC Study, country-specific questionnaires were used, to best cover country-specific consumption habits. To make dietary intakes comparable across countries, intakes after regression calibration were used for this analysis. In the MEC, a QFFQ was used, which was identical for all ethnic groups.
Although diabetes patients are likely to undergo some nutritional education to optimize their diet, we found only small differences in dietary behavior in comparison to cohort members without diabetes. These findings suggest that emphasis on education is needed to improve the current behaviors to assist in the prevention of complications.
